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Abstract

The swine-origin 2009 pandemic HIN1 virus (pdmHI1N1)
is genetically related to North American swine H1 influenza
viruses and unrelated to human seasonal H1 viruses. Cur-
rently, specific diagnosis of pdmHIN1 relies on RT-PCR.
In order to develop an assay that does not rely in amplifi-
cation of the viral genome, a conventional sandwich ELISA
for detection of the pdmHIN1 was developed. The sand-
wich ELISA was based on three monoclonal antibodies
(3B2, 5H7, and 12F3) against pdmHIN1. 5H7 and 12F3
were selected as capture antibodies and biotin-conjugated
3B2 was subsequently selected as the detection antibody in
the ELISA. The results showed the ELISA had high specific-
ity for pdmHIN1 strains and no reaction with other swine
H1 viruses, human seasonal HIN1 or H3N2 viruses, or
avian influenza viruses. The limit of detection of the ELISA
ranged from 3-2 x 10 to 1-5 X 10* TCIDsy/ml. When the
ELISA was used to detect viruses in nasal wash samples
from infected ferrets, it showed 90-1% sensitivity and 100%
specificity compared to the “gold standard” — virus isola-
tion. Our studies highlight a convenient assay for specific
diagnosis of the 2009 pandemic H1N1-like viruses.

Introduction

In April 2009, a novel HINI influenza virus emerged in
North America and caused the first influenza pandemic of

the 21st century.™ The 2009 pandemic HIN1 (pdmHIN1)
has a unique gene constellation that was not previously
identified in any species or elsewhere. It is genetically -
related to the triple reassortant swine HINI1 influenza
viruses currently circulating in North America, with the
exception of the neuraminidase (NA) and matrix (M)
genes, which are derived from a Eurasian swine influenza
virus.

Swine HIN1 influenza viruses were first isolated in 1930
and continued to circulate in North America with very lit-
tle antigenic changes (classical swine HIN1) until 1998.
Since 1999, however, the antigenic make up of swine H1
viruses has shown increased diversity due to multiple reas-
sortment events and the introduction of HIN1 genes from
human influenza viruses. Currently, four swine H1 clusters
(a, B, 7, 6) are found endemic in the North American
swine population.>® These swine H1 viruses show substan-
tial antigenic drift compared to the classical swine H1
viruses. Cluster ¢ swine H1 is derived from current human
H1 viruses, and there is a substantial antigenic divergence
between classical swine H1 and human seasonal H1 viruses.
Epidemiological evidence shows a two-way transmission of
influenza viruses between swine and humans, and such
events lead to the emergence of the pdmHIN1 virus.>”®
Phylogenetic analysis have suggested that possible ancestors
of the eight genes of pdmHIN1 were circulating in the
swine population for at least 10 years prior to the emer-
gence of the pdmHINI virus in humans, although the
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pdmHINI virus itself was not isolated from pigs until after
the pandemic. Interestingly, pdmHIN1 infections have
been reported not only in humans and pigs, but also in
other animal species such as turkeys, cats, ferrets, cheetahs,
and dogs.”™! After the first report of pdmHINT1 infection
in swine in Canada, other countries, including Argentina,
Australia, Singapore, Northern Ireland, Finland, Iceland,
England, United States, Japan, and China reported out-
breaks of pdmHINT1 in swine as well.>'*™** The ample geo-
graphic range of pdmHIN1 outbreaks in swine, its
apparent broad host range, and the possibility of two-way
transmission between swine and humans poses a tremen-
dous challenge for controlling the virus. Therefore, to dif-
ferentiate pdmHI1N1 from other H1 strains, particularly in
swine and human populations, is an important issue to
ascertain the magnitude of the disease caused by the
pdmHINI. In this study, we developed an ELISA assay to
discriminate pdmHINI1 strains from other swine. and
human H1 viruses.

Materials and methods

Viruses, cells, and antibodies

Madin-Darby canine kidney (MDCK) cells (ATCC, Manas-
sas, VA, USA) were maintained in modified Eagle’s med-
ium (MEM) containing 5% FBS. A/California/04/09/
HIN1 virus (Ca/04) was kindly provided by the Centers
for Disease Control and Prevention (CDC), Atlanta, Geor-
gia. Other viruses are listed in Table 1. Viruses were propa-
gated in MDCK cells and stored at —70°C until use.
Viruses were titrated by the Reed and Muench method to
determine the median tissue culture infectious dose
(TCIDsp)."® Three monoclonal antibodies (3B2, 5H7, and
12F3) against HA of 2009 pandemic HINI1 were prepared
in our laboratory following previously described methods
(Shao and Perez et al., unpublished).

Purification and labeling of mAbs

mAb 3B2, 5H7 and 12F3 were purified on a Protein G-
Sepharose affinity column (Upstate Biotechnology, Lake
Placid, NY, USA). Biotinylation of the detection antibody
in the ELISA was performed using Sulfo-NHS-LC-biotin
(sulfosuccinimidyl-6-(biotinamido)hexanoate; Pierce, Rock-
ford, IL, USA) according to the manufacturer’s instruc-
tions.

Sandwich ELISA

Purified 5H7 and 12F3 were selected as the capture anti-
body, and biotin-conjugated 3B2 was selected as the detec-
tion antibody, and HRP-conjugated streptavidin (Abcom,
Cambridge, MA, USA) was developed using the TMB sub-
strate system (KPL, Gaithersburg, MD, USA). In brief, the
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Table 1. Specificity assay of the sandwich ELISA

Result (T/C)

Virus
A/l Bristane/59/ 2007(HINT) ' -08
A/Fort Monmouth/1/1947(H1N1). =12
A/PR8/34HINT). =12
A/NewCaledonia/20/99(H1N1) 141
A/Malaya/302/1954(H1IN1) =12
A/WSN/1933(H1INT) -0:9
A/mallard/New York/6750/78(H2N2) -11
A/Brisbane/10/2007(H3N2) =12
A/duck/Hongkong/3/75(H3N2) . ! =1-1
A/Viet Nam/1203/2004(H5N1) G0
A/mallard/Alberta/206/96(H6NS) 07
A/chicken/Delaware/VIVA/2004(H7N2) = =10
A/mallard/Alberta/194/92(H8N4) . 10
A/quinea fowl/Hong Kong/WF10/99(HIN2) =09
- A/pintail/Alberta/202/00(H10N7) -0-8
A/duck/Maryland/2770/2004(H11N9) -09
A/mallard/Alberta/238/96(H12N5) =0-8
‘A/mallard/Alberta/146/2001(H13N6) =11
A/swine/Minnesota/02053/2008(H1N1T) (o) -0-9
A/swine/Minnesota/02093/2008(H1N1) (o) =10
A/swine/North Carolina/02084/200(H1N1) (8) -0-:8
A/swine/Kentucky/02086/ 2008(H1IN1) (B). : -1:2.
A/swine/Nebraska/02013/2008(H1IN1) (8) =0:8
A/swine/Ohio/02026/2008(HINT) (y) -08
A/swine/Missouri/02060/2008(H1N1) (3) =07
A/swine/lowa/02096/2008(H1N1) (y) [ =12
A/swine/Ohio/511445/2007(HINT) (y) . =07
A/swine/ North Carolina/02023/2008(H1N1) (y) -09
A/swine/Texas/01976/2008(H1N2) () 08
A/swine/lowa/02039/2008(H1N2) (5) - =09
A/swine/Minnesota/02011/2008(H1N2) (5) =07
A/swine/lowa/15/30(H1IN1) (classical) -08
A/swine/Tennessee/25/77(HINT) (classical) =141
A/Netherlands/602(H1N1pdm) : +11
A/California//04/2009(H1N1pdm) ; +4:2
A/Mexico/4108/2009(H1IN1pdm) +10
Rg-NY/18HAT: 7NL/602(HIN1pdm)* ' +12
Rg-D225G-HA-NL/602(H1N1pdm)’ - +35

*Rg-NY/18HA1:7NL/602, reverse genetic recombinant carrying the
HA gene from A/New York/18/2009 (H1N1) and remaining seven
genes from A/Netherland/602/2009(H1N1).

1Rg-D225G-HA-NL/602 {kindly provided by Dr Ron A. M. Fouchier),
reverse genetic A/Netherland/602/2009(H1N1) virus carrying the
HA gene containing D225G mutation.

mixture of the purified 5H7 and 12F3 (2:0 and 2-2 ug/ml
respectively, in carbonate/bicarbonate buffer, pH 9-6) was
coated to 96-well plates (test well, T) for 12 h at 4°C. At
the same time, a control antibody was coated to 96-well
plates (control well, C). After blocking the plates with 5%
(w/v) non-fat milk in PBS for 1 hour at 37°C, the samples
were diluted in extract buffer (1%Tween-20, 0-5%BSA in
PBS) and added to the wells (100 ul/well, each sample was
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added to four wells—two for T wells and two for C wells—
and the mixture was incubated at 37°C for 1 hour. After
four washes, 100 ul biotin-conjugated 3B2 (025 ug/ml) in
dilution buffer (0-5% BSA in PBS) was added to the wells
and the mixture was incubated for 1 h at 37°C. Following
three washes, 100 ul diluted HRP-conjugated streptavidin
(625 ng/ml) in dilution buffer was added to the plates.
After incubation for 1 h at 37°C, the plates were washed
five times, and the binding developed using the TMB sub-
strate system for 30 minutes. The ratio of the average
ODgsq value of the T wells to that of the C wells (T/C) of
individual samples was calculated. T/C values >1'5 were
considered positive in the sandwich ELISA.

Results

Specificity of sandwich ELISA for pdmHIN1
detection

We developed three monoclonal antibodies, 3B2, 5H7, and
12F3, against a prototypical pdmHIN1 strain, A/Califor-
nia/04/2009 (H1IN1) (Ca/04). These monoclonals were
used to develop a rapid sandwich ELISA for specific diag-
nosis of pdmHIN1 strains. Purified 5H7 and 12F3 were
used as capture antibodies, whereas the biotin-conjugated
3B2 was used as detection antibody. The sandwich ELISA
showed strong reaction with different pdmHI1NT1 strains as
described in Table 1. The T/C ratios of Ca/04, A/Nether-
land/602/2009 (HIN1) (NL/602), A/Mexico/4108/2009
(HIN1), and A/New York/18/2009 (HIN1) were 11, 10,
42, and 12, respectively, which are higher than the cut off
value of 1-5.

In order to evaluate if the sandwich ELISA could distin-
guish the pdmHIN1 from other swine H1 clusters («, §, 7,
0), 14 swine influenza strains spanning these clusters were
tested. These viruses were first diluted 1:10 in extract buf-
fer, and then added to the coated plates. As shown in
Table 1, the T/C ratios of these viruses were <15, and
therefore showed negative ELISA result. Likewise, testing of
human seasonal virus strains A/Brisbane/59/2007 (HIN1),
A/FM/1/1947 (HIN1), A/PR8/1934 (H1IN1), A/NewCale-
donia/20/99 (HIN1),

A/Malaya/302/1954(HIN1), A/WSN/1933 (HIN1), and
A/Brisbane/10/2007 (H3N2) also showed negative ELISA
results. Furthermore, the sandwich ELISA showed no cross
reaction with avian influenza viruses, including strains of
the H2, H3, H5, H6, H7, H8, H9, H10, H11, H12, and
H13 subtypes.

More recently, the mutation D222G in the HA of some
pdmHINT1 strains has been associated with exacerbated dis-
ease and altered receptor binding.'®*° To evaluate if such
mutant could be detected in our sandwich ELISA, we tested
a mutant of A/Netherland/602/2009 (HIN1) carrying the
D222G mutation (engineered by reverse genetics). As
described in Table 1, our ELISA could still capture the
D222G mutant virus and showed a positive reaction, which
highlights the specificity of our assay for pdmHINT1 strains,
even those with mutations.

Limit of the detection of the pdmH1N1 sandwich
ELISA

To evaluate the sensitivity of the ELISA, we used the
serially diluted pdmHINI viruses to determine the limit
of detection (LOD). As shown in Table 2, in our ELISA
the highest positive dilutions of NL/602 and Ca/04
were 1:320 and 1:160, respectively. The LOD of the
sandwich ELISA by TCIDs, was 32 x 10°> and 15 x 10*
TCIDsp/ml, for NL/602 and Ca/04, respectively. It is
important to note that the T/C ratio from NL/602 and
Ca/04 viruses showed clearly a dose dependent effect,
while the T/C ratio of A/swine/Iowa/30 (HIN1) did not
show the same dependence and was always <1-5, corrob-
orating the high specificity of the sandwich ELISA for
pdmHIN1 strains. Although we did not compare our
ELISA with other current commercial rapid influenza
detection kits, the LOD of our ELISA assay is similar to
other commercial kits that detect human seasonal influ-
enza virus.*'

Comparison of the sandwich ELISA with the “gold
standard” — virus isolation

In order to further evaluate the feasibility of the application
of the ELISA to clinical samples, 70 nasal wash samples

Table 2. Limit of detection (LOD) of the sandwich ELISA

- Result (T/C) at different dilution

Virus - Titer (TCIDso/ml)  1:10  1:20  1:40  1:80  1:160 1:320 1:640  1:1280  LOD (TCID50/ml)
NL/602 (H1NT) 5x 1016 KD +(10)  #(54)  #38)  +(19)  +(17) -4  -(10)  15x10M

Ca/04 (HIN1) 5032 x 1045 +HB0)  +A48) H36)  +21) +(16)  —(14) =(1)  ~(11)  32x1003
SW/IA/30 (HIN1) -~ 158 x 1046 08 ~08) - ~09 (10 =09 . {08 11 =09 =
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from ferrets, 56 of those previously infected with Ca/04
and shown positive by virus isolation, were tested. The
samples were diluted 1:1 in extract buffer and then tested
using the sandwich ELISA. Result showed 51 out of 56
positive samples by virus isolation were positive also by the
sandwich ELISA (sensitivity 90-1%). The 14 samples tested
that were negative by virus isolation were also negative in
the ELISA, indicating 100% specificity for our assay. These
results show not only that our ELISA has high compatibil-
ity with the virus culture method, but also indicates this
application can be used for clinical samples.

Discussion

Although real time RT-PCR targeting the HA gene has
been used for specific diagnosis of pdmHIN1 with high
sensitivity,”>" it is a method that requires manipulation of
the sample to extract viral RNA, and it is prone to cross-
contamination during the PCR steps. In this study, we
described a convenient sandwich ELISA based on three
mAbs developed against the pdmHIN1 strain. The ELISA
not only shows high specificity for pdmHIN1 strain, but
also shows great sensitivity. The ELISA could distinguish
pdmHIN1 strains from human seasonal H1 and H3 viruses
and, more importantly, from other swine H1 viruses. We
must note that current rapid diagnostic tests cannot be
used to differentiate pdmHIN1 from swine or human H1
viruses.”®*® More recently, Miyoshi-Akiyama et al. and
Miao et al. developed an immunochromatographic assay
and a indirect immunofluorescence assay, respectively, for
specific diagnosis of pdmHIN1.>>*! Such tests can distin-
guish pdmHINI strains from human seasonal influenza
HINI1, however, these tests have not been evaluated to test
whether they can distinguish among other swine influenza
viruses.

It is also worth noting that the sensitivity of commercial
rapid antigen-based diagnostic tests for detecting
pdmHINT1 is lower than that for human seasonal influenza
viruses.”®*® A study by Kok et al.** showed that sensitivity
of the current rapid antigenic tests for pdmHIN1 is only
53-4%, whereas that for seasonal influenza A is 74-2%.
Chen et al.®® developed a dot-ELISA and increased the sen-
sitivity for influenza rapid antigen detection. However, the
dot-ELISA developed by Chen cannot distinguish among
subtypes. The LOD of our ELISA is between 32 X 10° to
15 x 10* TCID50/ml, comparable to the LOD of rapid
diagnostic tests for human seasonal influenza viruses.”!
Compared to the “gold standard’-virus isolation—our
sandwich ELISA showed 90-1% sensitivity using ferret nasal
washes. Our results highlight the potential application of
our sandwich ELISA for the specific diagnosis of pdmHIN1
viruses.
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Introduction

The timely and reliable laboratory evidences are vital fac-
tors for field epidemiologists trying to control outbreaks of
infectious diseases and for the practicing clinicians to prop-
erly manage disease cases. Therefore, analysis of new detec-
tion methods in comparison to the routine “classical”
methods is essential to select new methods to be intro-
duced into health service practices, especially in developing
countries. In this study we have compared rt-RT-PCR
detection of influenza viruses and direct fluorescent-anti-
body assay using R-Mix hybrid cells (A549&Mv1Lu) with

the “classical” cell culture methods in developing country
settings.

Materials and methods

Clinical samples

In this study, we analyzed 503 nasopharyngeal swabs col-
lected during 2008-2009 season from ILI
patients of the Baganuur district of Ulaanbaatar and
Selenge province, Mongolia, and 7000 nasopharyngeal
swabs collected in 133 ISSSs during 2009-2010 influenza
season.

influenza
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